Introduction
After radical cystectomy for primary malignancy of the bladder or other pelvic malignancy, urinary diversion is required to divert the urine to a cutaneous stoma or to an orthotopic pouch. Complications of urinary reconstruction and cystectomy are high, ranging from 62-78%. [1] [2] [3] Many complications can be managed conservatively, but UES necessitate intervention. UES occur in 3-13% of urinary diversions. [4] [5] [6] [7] Patients are most commonly managed with percutaneous nephrostomy tubes and endoscopic dilation or incision of the stricture. Primary endoscopic treatment of these strictures has a low long-term success rate, and many patients require multiple interventions. Open revision of UES is considered the gold standard, but is commonly avoided because of the morbidity of an open surgery and the difficulty associated with operating in a previously opened abdomen. Many of the series of open revision include patients that have failed endoscopic treatment. [7] [8] [9] We review our experience with open and robotic revision for UES as initial management, and describe the associated outcomes and morbidity.
carried out in 41 patients were done as the initial treatment for stricture and served as the basis of our cohort. Patient demographics, reconstruction type, peri-and postoperative outcomes (EBL, operative time, LOS, 30-day complications by Clavien-Dindo classification, 10 serum creatinine) were recorded.
Ethical approval
All procedures carried out in studies involving human participants were in accordance with the ethical standards of the institutional and/or national research committee, and with the 1964 Helsinki declaration and its later amendments or comparable ethical standards.
Informed consent
This study was deemed exempt from informed consent by the institutional review board because of its retrospective design and the omission of patient identifiers in the database.
Identification and work-up of postoperative hydronephrosis
At City of Hope National Medical Center, Duarte, California, USA, we routinely obtain a renal ultrasound 6 weeks after the ureteral diversion stents are removed. The goal is early identification of any obstruction to prevent decline in renal function. Any hydronephrosis is further worked up for obstruction with loopogram/pouchogram and/or renal scintigraphy. A percutaneous nephrostomy is placed if an obstruction is identified. Urine cytologies and computerized tomography urogram are routinely used in surveillance after cystectomy for bladder cancer and to assist in identifying any malignant etiology for the stricture. Endoscopic biopsies are carried out if there is suspicion for malignancy.
Ureteroenteric anastomosis at the time of reconstruction
An interrupted end to side no-touch spatulated ureteroenteric anastomosis is carried out with a 4-0 polyglactin suture. Then, 7-Fr ureteral diversion stents or 8-Fr feeding tubes are placed. The proximal end of the conduit or chimney is closed in two layers with a running 3-0 polyglactin, then reinforced with interrupted 3-0 silk in a Lembert fashion. The tails of the interrupted silk are cut to three inches to identify the proximal end of the conduit or chimney of the orthotopic neobladder. The diversion stents are typically removed on postoperative day 4 if drainage from the Blake drain is consistent with serum when tested for creatinine. At City of Hope National Medical Center, diversions after robotic cystectomy are primarily carried out using an extracorporeal approach.
Revision technique
For right-sided strictures, a Gibson incision is carried out and an attempt is made to stay retroperitoneal. For left-sided or bilateral strictures, the abdomen is entered from the previous mid-line incision, and any adhesions are taken down under direct vision. The proximal end of the conduit or chimney is identified by the previously placed silk sutures. Computed tomography imaging is also used to help identify anatomy. Once the strictured ureter is identified, minimal proximal mobilization is carried out to avoid disrupting the established blood supply. It is usually helpful to bring the bowel segment to the ureter to avoid the need for excessive ureteral mobilization. If required, the proximal end of the diversion is brought under the mesenteric window to help bridge the gap. The segment of stricture and a portion of the pouch are excised, and a new end to side anastomosis is created with the previously described technique above. Frozen sections are carried out to rule out malignancy. If there is insufficient ureteral length, an ileal interposition is performed. On the left side, if the stricture extends proximally underneath the mesenteric window, an ileal ureter will be used to add length. Before completion of anastomosis, an intraoperative Whitaker test is carried out to ensure the obstruction is relieved. The new anastomosis is stented, and the pouch is tested to be water-tight by instilling the pouch with saline. A Blake drain is placed near the anastomosis. Our robotic technique emulates the open technique with port placement dependent on diversion type and side of stricture. All open ureteroenteric anastomotic revisions were carried out by one surgeon (KGC), and the five robotic ureteroenteric anastomotic revisions were carried out by three surgeons (CSL, TGW, JY).
Follow up
The nephrostomy tube is usually removed on postoperative day 1, and the ureteral stent is removed 3 weeks after revision. A renal ultrasound is carried out 6 weeks after revision with additional imaging based on standard oncological follow up.
Statistical analysis
Descriptive statistics were used to characterize the cohort. Medians and ranges for continuous data and percentages for discrete data elements were used to report clinical and postoperative outcomes. ANCOVA was used to identify clinical predictors that had an effect on LOS, while controlling for operative covariates (operative time and EBL). Age, diversion type, ASA score, and open versus robotic approach were analyzed as predictors of LOS and complications.
Results
Clinical and pathological characteristics are listed in Table 1 . A total of 50 renal units were primarily revised (20 rightsided [40%], 30 left-sided [60%]). Eight patients had bilateral revisions, and one patient had a separate revision for each side. Of the primary revisions, 13 were revisions in ileal conduits, 20 were in ileal neobladders and eight were Indiana Pouches. Ileal interposition was utilized in six patients. Five revisions were carried out robotically, and all of these revisions were in ileal neobladders. Three patients (7.3%) were found to have strictures as a result of malignancy at the time of revision.
The median operative time was 218.5 min (range 126-455), and the median EBL was 75 mL (range 1-500; Table 1 ). A total of 17 patients had a concomitant procedure, the most common including extensive lysis of adhesions, parastomal hernia repair and cholecystectomy. The median LOS was 6 days (range 2-16 days). The median time with a percutaneous nephrostomy tube or stent was 2.5 months (range 0.7-18.5). For robotic revisions, the median operative time was 285 min (range 162-455), and the median EBL was 50 mL (range 25-50). Patients who underwent robotic revision had a median hospital stay of 3 days (range 2-4). There were no complications in the robotic group. The median change in serum creatinine postoperatively was 0.01 mg/ dL (range À1.35 to 0.34) and À0.01 mg/dL (range À0.10 to 3.26) at 3 and 6 months respectively.
The median follow up was 16.3 months (range 0.1-91.8 months). There was a 100% success rate, and no patients required re-operation for UES. There were a total of 15 complications (Table 2 ) in 14 patients (33% 30-day complication rate). Of the 15, only one (2.3%) was a major complication (≥Clavien 3), which was a leg abscess from intravenous access requiring incision and drainage in the operating room. The most common complications were wound infection (n = 4, 9.5%), arrhythmia (n = 4, 9.5%) and ileus (n = 3, 7.1%).
ANCOVA with factors of age (<75 vs ≥75 years), diversion method, ASA score (II/III vs IV), revision approach and cystectomy approach (robotic vs open), and other concomitant procedures was carried out, testing for main effects. Operative time and EBL were used as covariates in the multivariate analysis, as each had a significant correlation with mean LOS. LOS increased an average of 0.6 days for each additional hour of operative time, and 0.8 days for each 100 mL of EBL, while controlling for the other factors in the ANCOVA model (Table 3) . In multivariate analysis, ileal conduit diversion type was correlated with longer 
Discussion
UES can be a frustrating complication for both surgeon and patient after urinary reconstruction. Management is complex, with the goal of treatment to minimize morbidity, but have a lasting success rate. Advancement in endoscopic technology has allowed strictures to be managed in a minimally-invasive fashion, but the durable success rates have not matched the gold standard of excision of the stricture and re-anastomosis. Balloon dilation of the stricture has been shown to have poor long term success rates (4% at 3 years). 5 Incision of the stricture with cold-knife, electrocautery and laser have been described with success rates ranging from 30-71%. 7, [11] [12] [13] [14] [15] Most are small studies with limited follow up. The studies with long-term follow up have had disappointing success rates. Success rates for endoscopic management are decreased by increased length of stricture (>1 cm), left-sided strictures and <25% function of the renal unit. 5, 14 Failure of primary endoscopic intervention carries its own associated morbidity in the form of repeated percutaneous nephrostomies/ureteral stents and the need for multiple interventions. Long-term nephrostomy tubes can put a patient at risk of infection, and the discomfort and need for multiple changes might lead to patient dissatisfaction. Primary treatment of UES with endoscopic intervention can also affect success rates and morbidity for subsequent revision. Laven et al. has described an increase in intraoperative injuries (iliac vein injury and contralateral ureteral injury), operative time and EBL in open revision after failed endoureterotomy. 7 Increased scarring around the anastomosis from incising the ureter to fat and iatrogenic urinary leak can cause adherence to major vessels or the nearby bowel. In our experience with primary repair, we did have one iatrogenic contralateral ureteral injury that was identified and repaired at the time of revision.
Nassar and Alsafa described their experience with open surgical revision after radical cystectomy. 8 Their reported 9 Of the 10 patients who underwent primary revision, 100% were deemed successful compared with 88% who had a previous endoscopic treatment, suggesting that previous endoscopic intervention might compromise success.
The most commonly proposed etiology of benign UES is ischemia of the ureter. The increased incidence of strictures on the left side suggests that excessive mobilization and tunneling under a tight mesenteric window can compromise blood supply to the distal ureter. UES can also present as a result of recurrent malignancy. In our experience, malignant strictures occurred later than benign strictures (65.1 months vs 2.3 months). As long as there is not widespread metastatic disease, excision of the stricture and revision should be considered. Our oncological surveillance is based on National Comprehensive Cancer Network guidelines, and involves cytology and upper tract imaging with computed tomography urography or magnetic resonance urography. Any suspicious upper tract lesion is investigated with endoscopy and biopsy. One patient developed hydronephrosis 4 years after his revision and was found to have an intrinsic mass at the ureteroileostomy site, which was confirmed to be recurrent urothelial carcinoma on biopsy. We considered this patient as a successful revision, as he was 4 years out from his revision. Another patient who had a malignant stricture found at revision developed metachronous upper tract urothelial carcinoma of the renal pelvis 2 years after revision and required a nephroureterectomy.
Our complication rate for the series of primary revision was 33%. There was only one major 30-day complication, a leg abscess at an intravenous access site that required operative debridement. Most complications were minor, with wound infection and ileus being the most common. There was one intraoperative contralateral ureteral injury that required re-implantation. The median postoperative LOS was somewhat long at 6 days. Advancement of diet and awaiting return of bowel function might contribute to the prolonged stay. Enhanced recovery pathways could potentially decrease the LOS, but this had not been implemented for these patients. Factors associated with increased LOS were ileal conduit diversion, increased operative time and increased EBL. Operative time and EBL might be a function of the complexity of the revision, and could contribute to a longer postoperative recovery. Patients with ileal conduits might not be as healthy overall as compared with patients with continent diversions. Although we did adjust for age and ASA score, there was still a significant association with ileal conduit and longer LOS after revision. Robotic revision was significantly associated with a shorter LOS, but might be influenced by patient selection.
The low long-term success rate of endoscopic management of UES brings up the question of whether primary revision should be considered in most cases. The immediate morbidity might be higher and LOS longer in primary revision, but endoscopic management carries its own morbidity. Infectious complications from prolonged stenting and high likelihood for re-intervention must be considered when deciding to treat UES endoscopically. In our series, patients had a percutaneous nephrostomy or ureteral stent for a median of 10.2 weeks. This time-period includes the time from initial stricture identification and placement of a percutaneous nephrostomy to removal of the stent or feeding tube after revision. Another important consideration is that primary endoscopic treatment might lower the ultimate success rate and increase morbidity of UES revision in the future. We believe from our series that the morbidity of revision is acceptable to carry it out as a primary treatment. Robotic revision in select cases might also help to decrease morbidity. Although there were no set criteria for robotic revision and mainly based on surgeon preference, most revisions were carried out in the latter part of the series from 2014 to 2015, and were done for unilateral strictures in ileal neobladders. Robotic revision is not standard practice, with only a small investigational case series, so the benefit should be interpreted with caution.
A limitation of the present study was that it was a single institution retrospective review with no comparison cohort. Also, the majority of cystectomies were carried out robotically (86%), perhaps lowering the generalizability of our experience. Robotic or laparoscopic surgery can reduce the number of adhesions formed postoperatively, and thereby make subsequent revision easier. Another limitation was the lack of stricture characterization. We did not record the length of stricture for most of our cases, but being that our institutional practice is to primarily revise UES, stricture length did not affect our decision-making. We also did not include patients who refused revision or were unfit for surgery. As our institution is a tertiary center that preferentially treats strictures with primary revision, the external validity of the present study may not apply to the patient who has undergone previous endoscopic treatments and presents as a failed stricture. We argue that for the best success rate, a revision as the initial treatment of stricture should be carried out in suitable candidates. This is the largest study to date of primary ureteroenteric anastomotic revision. The excellent success rate supports primary revision as the treatment of choice for UES. We believe if patients can tolerate surgery they should be offered a primary revision. Endoscopic management might be considered for those who refuse revision, are unfit for surgery or have favorable stricture characteristics (<1 cm or right-sided) and are accepting of up to a 50% failure rate.
Primary open and robotic ureteroenteric anastomotic revisions have a high success rate. Carrying out revision as the initial treatment might reduce the time with a nephrostomy tube and obviate the need for multiple interventions. Open revision is associated with mostly minor complications. Robotic ureteroenteric revision could reduce the morbidity of an open revision in select cases.
Conflict of interest
None declared.
